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Introduction
Engineering programs across Canada approaching accreditation visits have been developing processes to assess graduate attributes as required by the Canadian Engineering Accreditation Board (CEAB) [1] . This requires programs to demonstrate that they have a process to assess attributes of graduating students for the purpose of program improvement.
The Faculty of Engineering and Applied Science at Queen's University is in the second year of developing such a process.
Process
Initial steps taken in the 2009-2010 academic year are described in detail in [2] , and a summary is shown below. Overall the process follows a curriculum development model described in [3] . In the 2009-2010 academic year, 7 committees consisting of faculty, students, and specialists created specific indicators 1 1 Indicator in this context is descriptor of what students must do to be considered competent in an attribute; the measurable and pre-determined standards used to evaluate learning. The term used in [1] was (i.e. measurable expectations) for each graduate attribute. Assessment for first, middle, and graduating years of the engineering program at Queen's University, as shown in Figure 1 , were articulated. The degree of competence expected increases from first to graduating year. Accreditation regulations explicitly require only graduating students to be assessed, but the ability to apply the results of graduate attribute assessment to the ongoing development of the program is improved when data is available for earlier years. Creating expectations by year also greatly improves the efficiency and quality of curriculum design. Specific expectations were created using taxonomies in [4] and [5] .
The indicators were then mapped to the courses in which they were reportedly supported. In the 2009-2010 academic year the focus was on some select first year courses in design, calculus, and chemistry. For example, first year professional skill attributes like design, communications, and lifelong learning were mapped to the design project course APSC-100 and assessed on student deliverables including reports, presentations, and individual and peer assessments [2] . The results of this pilot were collated and used to revise the course.
In the 2010-2011 academic year a committee was established to expand the assessment to second, third, and fourth year courses. The committee was composed of one faculty member from each department, primarily undergraduate chairs or capstone course instructors. The group established a list of indicators that could be used to assess most of the graduate attributes at the fourth year level. The committee recognized that curriculum changes were required to ensure students were developing all attributes throughout the program, as will be discussed later in the paper. Courses used to assess attributes included first year courses in physics, math, and design, second year communications and economics courses, and "assessment criteria", but the name was changed to reflect the new CEAB definition.
graduating year capstone courses. A list of all indicators used in fourth year courses is shown in Table 1 .
In each course, the indicators were assessed through specific deliverables, including final exams, reports, presentations, essays, and peer and individual assessments. Most were graded using a 4-level analytic rubric; an example of a rubric used in the first year design course is shown in Figure 2 .
An externally developed test of conceptual understanding of first year physics, the force concept inventory [6] , was completed at the beginning and end of the fall semester mechanics course. Over the past three years a test used to assess ability to apply design process to generic scenarios was run in design courses in first, third, and fourth year [7] .
Focus groups and surveys
As part of the review we are conducting a faculty survey asking teachers in all 10 programs to identify where in the curriculum each of the Graduate Attributes are introduced, where they are actively taught and where they are assessed. As part of our ongoing commitment to program improvement, and as a matter of course, we will be inviting students' perspectives on the same themes, seeking to gain their perspectives on the relative success of current programming in developing and assessing the 12 graduate attributes. Contrasting the perceptions of both groups on the relative success of the program in supporting the development of graduate attributes will serve as a limited validity check of program success, especially when cross contrasted with direct evidence of students' learning gained through the results of exams, assignments, and capstone projects.
All first and fourth-year students have been invited to complete a StudentVoice-based, online survey. The purpose of the survey is to invite students' views on the ways in which current programming supports attainment of the attributes and ways that programming, from their point of view, might be amended to better do so. Respondents were asked to indicate their relative academic standing in the engineering program so that responses might be correlated with defined ranges of academic achievement. Such data will help to ensure that improvements to the engineering program will suit the needs of the full range of students we serve. Survey questions included: In your opinion and given current course structures and assessment strategies, which attributes were the most difficult for you to demonstrate? Why? 6) It is recognized that many opportunities outside the regular engineering curriculum support the development of graduate attributes. Please indicate your involvement in the activities listed below and the degree to which they contribute to your development of graduate attributes: (N/A, 1-3 hrs/wk, 4-7 hrs/wk, more than 7 hrs/wk in: Student Government, Special Interest Clubs, Sports Clubs, Employment, Other 7)
For purposes of program improvement we would like to be able to make inferences about the ways program strengths and limitations affect acquisition of engineering graduate attributes across levels of academic achievement. Please select the grade range that most accurately reflects your overall academic average in the Queen's engineering program.
Additionally, select groups of upper year students, including student project managers and undergraduate student society executive members, were invited to participate in focus group interviews. These groups were chosen because their members are in a unique position to provide commentary on the effects of programming from both the first and fourth-year perspectives. Focus group interview questions, while similar in theme to the survey questions, invited responses of more depth and detail.
1)
Generally Of what use (if any) might portfolios be in helping students keep track of their own development of the grad attributes?
Data collection and analysis
The data from student work is being collated and analyzed, and surveys and focus groups are running. Results will inform curriculum development and will be presented at the conference.
Curriculum development
It was recognized that curriculum change is needed to ensure graduating students possess the full set of graduate attributes, particularly professional skills (design, communication, professionalism, impact on environment, etc.). A curriculum renewal committee has been working on the development of a sequence of courses in all programs which will provide opportunity for students to develop these skills, and provide a place for program-wide assessment. More details about this sequence is described in [8].
Conclusions
In setting out to define what our students can do we began the process by defining, in terms of graduate attributes and indicators, what it was that we expected them to be able to do. We then undertook to identify where, in the curriculum, we intended that they should learn, develop and have those attributes assessed. In the full knowledge that the intended curriculum is not necessarily the learned curriculum, we then invited students to share their own perceptions of their relative success in acquiring engineering graduate attributes. The full range of data from these multiple sources will be used to inform program improvement. 
